The synthesis of preribosomal RNA is inhibited "in vivo" and "in vitro" by the protease inhibitor Leupeptin. "In vivo" Leupeptin decreases by 74 % the incorporation of Labeled uridine into 45S pre rRNA while the synthesis of other RNA species is only slightly decreased. "In vitro", the elongation of already initiated pre rRNA chains that is achieved by incubation of isolated nucleoli is blocked by leupeptin. On the other hand, "in vitro" leupeptin has no direct effect on RNA polymerase I, tested in a nonspecific transcriptional system with Calf thymus DNA as template and in run off experiments with a cloned DNA containing the initiation site of the rDNA gene. A 100 kDa nucleolar protein which has been shown to be endoproteolytic cleaved "in vivo" (1) acts as an inhibitor of rDNA transcription in presence of leupeptin but produces little effect on the nonspecific transcription. In absence of the drug, the 100 kDa protein is processed in specific peptides which appeared to be similar to the "in vivo" maturation products. The possible role of the 100 kDa maturation process in the regulation of rDNA transcription is discussed.
INTRODUCTION
Several factors have been proposed to play a role in the regulation of pre rRNA synthesis (2). In "in vivo" experiments, correlations have been established between pre rRNA synthesis and the evolution of given parameters such as : aminoacid pool size (3, 4), nucleotide pool size (5), turn over of labile stimulatory protein (6) in particular ornithine decarboxylase (7), and phosphorylation of specific proteins (6). The recent development of "in vitro" systems in which a defined rDNA fragment containing the "in vivo" start site can be transcribed by RNA polymerase I, should allow the characterization of factors involved in the regulation of pre rRNA synthesis (8, 9). Such regulatory proteins must be localized in the nucleolus, a large subnuclear structure which contains most of the actively transcribed ribosomal genes in exponentially growing eukaryotic cells (10) . The nascent transcripts are immediately associated with ribosomal proteins (11) and with a class of proteins that turn over in the nucleoLus and are not recovered in cytoplasmic ribosomes (12) . Among these proteins, a 100 kDa species, particularly abundant in exponentially growing cells, is in amount that can be directly related to the level of 45S pre rRNA synthesis (13) . Recently protein C23, that behave like the 100 kDa protein, was shown to bind to DNA and in particular with a high affinity to sequences of the nontranscribed spacer (14) . An over property of the 100 kDa protein is its ability to be cleaved into specific maturation products during preribosome biogenesis. Correlations have been established between this maturation process and the transcription of pre rRNA (1, 15). Taken together these results suggest that the 100 kDa protein itself and/or the process of its maturation may play a role in the regulation of ribosonal gene transcription.
In this report, we have studied the interrelations between the process of maturation of the 100 kDa protein and the synthesis of pre rRNA. We have used the protease inhibitor leupeptin (16) which penetrates into the cell and blocks the protease activity associated with the 100 kDa protein both "in vivo" and "in vitro" (15) . "In vivo" leupeptin induces the accumulation of the 100 kDa, and inhibits the synthesis of the 45S pre rRNA. "In vitro", the protein acts as an inhibitor of transcription in presence of leupeptin.
MATERIALS AND METHODS Cell culture and fractionation.
Chinese hamster ovary cells were grown in monolayer culture in Falkon flasks (17) . Prior to labeling, cells were incubated for 1 h in Eagle's minimum essential medium depleted in phosphate (1/100 of control). Cells were labeled for 10 min to 1 h in the same medium containing 32p orthophosphate (40 uCi/ml; 50 Ci/mg, Amersham, England). Labeled or unlabeled cells were harvested and fractionated into nuclei and nucleoli accoiding to Zalta et al. (18) . RNAs were extracted as previously described (17) and were fractionated by electrophoresis on 0.8 % agarose gels containing 10 mM methyl mercuric hydroxide in borate buffer (19) . After electrophoresis the gels were dried and autoradiographed. "In vitro" synthesis of RNA.
Nucleoli were incubated in a medium containing 100 mM Tris HCl pH 8.5, 6 mM NaF, 5 mM Mg acetate, 50 mM (NH^SO*,, 10 mM dithiothreitol, 10 % glycerol, 300 /jM ATP, GTP, UTP, 7 pM CTP and 5 uCi 32p C TP (400 Ci mM" 1 ).
After incubation RNAs were extracted by precipitation in Lithium-urea (20) . RNA polymerases were extracted from purified nuclei by high salt (21). RNA polymerase I activity was determined in presence of 300 ug/ml cx-amanitin.
The mouse rDNA recombinant plasmid pMr SP carrying the transcription initiation site was a gift from I. Grummt (22) . Extracts containing the RNA polymerase I and the initiation factors, were prepared from 10' nuclei or nucleoli isolated according to Zalta (table 1). In the presence of leupeptin (10 jjg/ml) the relative inhibition of incorporation is higher for the ASS RNA than for the 28S RNA : (76 % and 53 % respectively). At 50 pg/ml of leupeptin a decrease in the incorporation of 32p orthophosphate into the 45S RNA is still observed, but more label is recovered in the 28S and 18S RNA. This paradoxical effect of leupeptin in vivo according to concentration is also detectable at 10 jjg/ml in function of treatment time. After 1 h incubation, the pre rRNA synthesis gradually recovered and the addition of fresh leupeptin to the medium has no further effect. "In vitro" effects of leupeptin on the synthesis of RNA Isolated nucleoli were incubated "in vitro" in the presence of 32p labeled CTP in a medium that allowed the elongation of preinitiated pre rRNA molecules and the accurate termination of transcription. Fig. 2 shows that in the presence of RNasine, a strong RNase inhibitor most of the label is recovered in the A5S pre rRNA. Addition of leupeptin decreases the in- Cells were labeled for 1 h with 32p orthophosphate. Nucleoli were then prepared and RNAs extracted as described in Materials and Methods. RNAs were fractionated as in fig. 1 and bands of the gel were cut out. After hydrolysis, the radioactivity in each RNA species was determined. Results are expressed as counts incorporated in equivalent amounts of total nucleolar RNA determined by scanning of the ethidium bromide stained gel. The values in brackets are the percent of incorporated counts in control cells.
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• I Figure 2 : Effects of leupeptin on RNA synthesized "in vitro" in isolated nucleoli.
2.10'' nucleoli (100 ug RNA) were isolated and separated in 2 fractions. Each was incubated for 15 min. in the transcription medium with 32p CTP in presence (A) or absence (B) of 10 ug/ml leupeptin. RNAs were then extracted and analysed as described in the legend of fig. 1 . C : EtBr stained gel. To test whether leupeptin acts directly on RNA polymerase I, the enzyme was extracted from isolated nuclei at high salt, and tested in presence of 300 yg/ml ex -amanitin with calf thymus DNA as template. The addition of leupeptin has no effect on the amount of RNA synthesized in this system.
Effects of a 100 kDa nucleolar protein and leupeptin on specific "in vitro" transcription of rDNA.
In previous experiment, we have shown that a major nucleolar protein (100 kDa), is cleaved "in vivo" in several peptides which are associated with preribosomes (1). This maturation process is inhibited by leupeptin. Since this protein also bind to DNA, we have checked its potential effects in run off experiments with a cloned DNA (Sall-PvuII) containing the 5'end of ribosomal gene as template. The enzyme and initiation factors were contained in a mixture of nuclear and nucleolar extracts. As shown in fig. 3A , two main species were synthesized corresponding to the full length transcript (Sall-PvuII : 454 nu) and the specifically initiated transcript (296 nu). To perform the experiments with the 100 kDa, the DNA was first incubated with the nuclear extracts, then the protein (1 ug) was added with or without leupeptin. A dramatic decrease in the synthesis of the specific transcript was only observed in presence of the two components, while the synthesis of the full length transcript appeared to be less affected ( fig.  3B, C) . This finding was further confirmed in non specific transcription assays using a Hinfl digest of pBR322 DNA as template. Most of the DNA fragments gave rise to full length transcripts whose synthesis was insensitive to the presence of the 100 kDa protein and leupeptin ( fig. 4A ).
Two additional controls have been carried out to further characterize our transcriptional system using the PvuII digested pMr DNA as template ( fig. 4B) . A comparison of lanes a and b clearly demonstrate that leupeptin alone has no effect on the run off products. In the other experiment, were compared the relative efficiencies of the 100 kDa protein and histones that bind unspecifically to DNA, to inhibit the specific rRNA synthesis. To get a similar level of inhibition, the ratio protein/DNA must be 10 times higher with the histones than with the 100 kDa and leupeptin ( fig. 4B,  C-E) . The effects of leupeptin on rDNA transcription was clearly demonstrated in the "in vitro" experiments involving isolated nucleoli. In this experimental system, the elongation of preinitiated RNA chains occurs and in the presence of RNasine, newly synthesized 45S RNA accumulates. Since the drug has no direct effect on RNA polymerase I activity, leupeptin must act on other nucleolar proteins. More especially it blocks the maturation of the 100 kDa protein that we have shown to be processed during preribosome biogenesis (1, 15).
The role of the 100 kDa in the regulation of rDNA transcription is still unclear. Its affinity for rDNA is only slightly higher than for random DNA sequences and is not affected by the presence of leupeptin. Since on one hand, it did not interfer with the nonspecific transcription and on the other hand it acted has a 10 times more potent inhibitor of specific transcription than histones, an interaction with the initiation factors must be considered. However, the eventual competition between the specific initiation factors and the 100 kDa protein is unprobable since a recent report (29) has shown that the transcription complex is highly stable and that each activated rRNA gene can direct several rounds of elongation and reinitiation.
The presented results demonstrate the close interrelations between the rDNA transcription and the maturation of the 100 kDa protein. We would like to postulate that the 100 kDa interacts with the rDNA, the RNA polymerase and the nascent transcript and that the elongation of transcription required the cleavage of the protein and the translocation of the maturation products on nascent RNA (15).
